INTRODUCTION
Henry Hudson, after exploring the river named after him in A.D. 1609, undertook his final voyage (commonly termed the 4th voyage) to the New World in 1610 in the bark Discovery from the Port of London, for the purpose of finding and charting a northwest passage around the northern end of North America. The voyage was a failure in terms of its main object and was ultimately disastrous. After wintering in James Bay, under near-starvation conditions, mutineers captured the Discovery in June 1611 and marooned Hudson, his son, and six loyal members of the crew, who were never heard of again.1'2 As a consequence, most of Hudson's records were lost or destroyed, making it difficult to decipher many geographical details of this final voyage.
Enroute to the New World, Hudson and his crew spent the period between May 11 and June 1 (O.S.) along the coast of Iceland, and, according to the surviving account by Abacuk Prickett, who sailed with Hudson, they observed an eruption of Mount Hekla. The primary purpose of this note is to critically evaluate, from a geologist's point of view, Prickett's observation of volcanic activity at Mount Hekla, and to clarify seveal enigmatic points in the geographic description of the Icelandic leg of this voyage. If verified, an event at Mount Hekla in 1610 would be a volcanologically significant addition to the intensively studied chronology of eruptions at Hekla. to the lies of Faro, and from thence to Island: on which we fell in a fogge, hearing the Rut of the Sea ashoare, but saw not the Land whereupon our Master came to an Anchor. Heere we were embayed in the South-east part of the Land. Wee weighed and stood along the Coast, on the West side towards the North: but one day being calme, we fell a fishing, and caught good store of fish, as Cod and Ling, and Butte, with some other sorts that we knew not. The next day, we had a good gale of wind at South-west, and raysed the lies of Westmonie, where the King of Denmarke hath a Fortresse, by which we passed to rayse the Snow Hill foot, a Mountayne so called on the North-west part of the Land. But in our course we saw that famous Hill, Mount Hecla, which cast out much fire, a signe of foule weather to come in short time. Wee leave Island a sterne of us, and met a Mayne of Ice, which did hang on the North part of Island, and stretched downe to the West, which when our Master saw, he stood backe for Island to find an Harbour, which we did on the North-west part, called *Derefer, where wee killed good score of Fowle. From hence wee put to Sea againe, but (neither wind nor weather serving) our Master stood backe for this Harbour againe, but could not reach it, but fell with another to the South of that, called by our Englishmen, Lousie Bay: where on the shoare we found an hot Bath, and heere all our Englishmen bathed themselves: the water was so hot that it would scald a Fowle.
From hence the first of June we put to Sea for Groneland, but to the West wee saw Land as we thought, for which we beare the best part of a day, but it proved but a foggie banke. So wee gave it over, and made for Gronland, which we raysed the fourth of June.
INTERPRETATION
Of the Icelandic place names ( fig. 1 ) mentioned in the Purchas account, the "lies of Westmonie" are the Vestmannaeyjar archipelago at about 63°25'N, 2P15'W, the "Snow Hill foot" is Snaefellsjokull volcano at 64°48'N, 23°47'W on the Snaefellsnes Peninsula, "Derefer" ("Diraford" of Purchas) is the fjord Dyrafjordur at 65°50'N to 66° and 23°11' to 23°51'W ( fig. I ). 1213 Hecla. and Lousie Bay are discussed in more detail in this note.
12Coordinates given here are based on Gudmundur Kjartansson, Geological Map of Iceland, Sheet 1, North-west Iceland (Reykjavik, Central Fund, 1969) Mount Hekla "...that famous hill Mount Hecla which cast out much fire, a signe of foule weather to come in short time." How can we interpret this observation, filled as it is with a 17th century seafarer's fears, superstitions, and the search for phenomena believed to portend future weather, yet seemingly straightforward? We consider the following points to be significant:
(1) Prickett's account here appears to be retrospective and deterministic, perhaps to attribute the ultimate disastrous consequences of the voyage to nature or to fate. The account was probably derived from the ship's log or his own journal after the return to England. Asher 14 , the leading 19th century scholar on Hudson, suggests that it was evidently written quietly at home.
In the brief "Abstract of the Journall of Master Henry Hudson...," very little material is given on Hudson's observations of Iceland, except for rudimentary navigational facts. Hekla is not mentioned at all. Yet the Widhouse letter home15 does corroborate some of the Prickett account, e.g., details of the types of "fowle" eaten, the hot springs ("I have seen two hot bathes in Island, and have been in one of them"), and the encounter with the sea ice. Thus, it is incongruous that these observations on Iceland are missing in Purchas's abstract of Hudson's journal, unless they were removed or destroyed by the mutinous crew after Hudson's death to strengthen their own case16 . Such is the impression given by the Thomas Widhouse17 note.
(2) As to the Prickett observation itself, it is possible the crew of the Discovery did see an eruption. We assume here that in clear weather, a seafarer was able to see the difference between clouds (even with unusual shapes) and a volcanic eruption cloud. Thorlaksson's map shows a flame-spouting Hekla (Plate 2) with the annotation in Latin "Hekla perpetuis damnata e.stib. et nivib. horrendo boatu lapides evomit" (Hekla, condemned to perpetual fire and ice, belches forth boulders amid horrendous (dreadful) bellowing). It also shows Mydals lokul (Myrdalsjokull icecap, beneath which the Katla volcanic center is hidden) and Eyafialla lokul (Eyjfjallajokull icecap which covers another volcanic center west of Myrdalsjokull and near the coast), but it does not clearly distinguish these ice-capped volcanic centers from Hekla and does not identify them as volcanoes. Moreover, these icecap glaciers may have been larger in the seventeenth century than they are today. (5) There are other indications that Hudson knew something of Hekla's reputation, but not its exact location. Samuel Purchas quotes Hudson24 as stating that the Norway-IcelandGreenland sailing instructions by the 14th century Greenlander Ivar Bardarson25 (called by Purchas "Iver Boty") were translated from Low Dutch into English in 1608 "...for the use of me Henrie Hudson." These directions, in a confused way state that "...from Long-nesse on the East side of Island to ... Horn-nesse is two days sayle to the Brimstone Mount." "Longnesse" is probably the Langanes Peninsula, "Horn-nesse" may refer to Hornafjordur near Vesturhorn 64°17'N,14°74'W], and the "Brimstone Mount" is Mount Hekla.
(6) The logical inference is that Hudson prepared himself for his voyage(s) with the best available map sources and descriptive writings. At the beginning of the 17th century, though, Hudson, his crew, and any other European mariners whose knowledge of Iceland depended on these map sources and on accounts from English and Dutch fishing and trading expeditions, did not know the exact location of Hekla, nor the existence or location of other volcanoes in Iceland. Lacking an alternative, Prickett or Hudson would have automatically placed any inland eruption at Hekla.
(7) Further, in evaluating the possibility of an eruptive event in the Hekla volcanic system in the year A.D. 1610, it is significant that no chronological reference appears in commonly reliable Icelandic annals, such as those of the Bishop of Skalholt, 26 and that no correlative tephra27 layer in the soil can be clearly identified lithologically and dated as an A.D. 1610 Hekla (H) layer. The eruption history as given by Thorarinsson records an eruption at Hekla that began in January 1597, lasted six months, and produced a tephra layer. The next eruption at Hekla to produce a tephra layer began in May 1636. Hekla 1947 -1948 , ed. T. Einarsson, G. Kjartansson, and S. Thorarinsson (Reykjavik, 1967 , 1-170.
27 "Tephra is a collective term for all airborne pyroclasts produced in a volcanic explosion. Most of the tephra is expanded and fragmented volcanic glass, with variable amounts of crystals, but lithic fragments from older rocks may occasionally constitute a substantial part of a tephra deposit. ...Tephra layers constitute important timeparallel markers or isochrons if they can be recognized with confidence wherever they occur. If their age is known as well, either through written accounts of eruptions or through radiometric dating, they also provide an absolute time scale. Tephrochronology, a dating method based on the identification, correlation and dating of tephra layers, was developed in Iceland during the 1930's and 1940's by the late Sigurdur Thorarinsson. It provides isochrons for multiple use e.g., in geology, biology, glaciology as well as branches outside the natural sciences, such as archaeology, and is now a widely used dating method. On their initial attempt to leave Iceland before putting in at Dyrafjordur, Hudson and his crew were deterred by sea ice. In Prickett's account: "Wee leave Island a sterne of us, and met a Mayne of Ice, which did hang on the North part of Island, and stretched downe to the West, which when our master saw, he stood backe for Island to find an Harbour ..." "Mayne of Ice" probably refers to the East Greenland or Polar Sea ice. As pointed out by Terence Armstrong, 29 mayne (Oxford English Dictionary) is used in the Old English sense of high seas, as in the seaward extension in meaning of "the Spanish Main." Mayne may also refer to a leading mass of ice, following the derivation of mayne from the Old French verb mener, to lead30 . And mayne may refer to a force of ice difficult to penetrate (i.e., pack ice31 , or to massive floating ice that is navigable (i.e., drift ice). Prickett's account implies pack ice: it caused a return to Iceland. Curiously, the letter home to Master Machem by Widhouse32 seems to describe massive drift ice: Wee are resolved to trie the uttermost, and lye onely expecting a faire winde, and to refresh ouselves to avoid the ice, which now is come off the west coasts, of which we have seene whole islands, but God be thanked, have not beene in danger of any. Thus I desire all your prayers for us.
From Island, this thirtieth of May, 1610. 5 ) seem to correlate, at least partly, with an increased incidence of sea ice off the coast of Iceland, high-sulfur eruptions could be said to cause an increase in sea ice. In Greenland ice-core chronology, decadal sequences of annual ice layers that contain sulfate ions and that are correlative with years of Icelandic volcanic eruptions show a partial correlation with intense pack ice decades ( fig. 4) . (1) that it was "called by our Englishmen, Lousie Bay"; (2) that it was "to the south of" Derefer; and (3) that "on the shoare we found an hot bath" in which "the water was so hot that it would scald a Fowle." Hudson's account states (4) that the departure was from a harbor in "the westernmost part" of Iceland, and (5) that they reached latitude 66°34'N the first day out. (6) On the basis of sailing rates between other points on this voyage, we estimate their daily rate of sailing at approximately 90 statute miles a day, similar to the average distance covered by 16th century ships of approximately 3 to 4 miles per hour, or 84 nautical miles a day, as estimated by Johnson43 .
Although the place name Lousie Bay (or its variants) does not occur in a list of Icelandic place names from the oldest extant books of sailing directions and oldest nautical charts (1561, 1568, 1583, 1590) 44 , the place names "Luis Bay" or "Lus Bay" are used for two places on Iceland's northwest peninsula on Dutch sea charts from the latter half of the 17th and 18th centuries45 . Johannes van Keulen (1684) and Gerard van Keulen (1727) show "Lus Bay" north of the fjords Isafjordur and Jokulsfirdir at about 66°25'N, hence north rather than south of Dyrafjordur, and thus inconsistent with the Prickett account. Jan de Vos van Zierikzee (1761), shows "Luis Bay" or "Luiz Bay" as a fjord at 66°00'N, just north of Patreksfjordur, south of Dyrafjordur and closer to the westernmost tip of Iceland. Of the two locations, the second one fits the modern cartographic position of the fjord Talknafjordur [at about 65°40'N, 24°W], and is the more consistent with both the Prickett and Hudson accounts. Further, there are hot springs on the shore at Talknafjordur, e.g., at Stori Laugardalur five kilometers northwest of Sveinseyri [65°38'N, 23°49'W] and also at Sveinseyri, where anchorage depths are seven to twelve fathoms46 and a sand spit forms a natural harbor. The highest temperature of the hot springs at Talknafjordur is now 54°C or ~ 129°F --not quite scalding, but the temperature of these springs might have declined since 1610, or Prickett might have been engaging in hyperbole. Sailing northwest from Talknafjordur, the Discovery easily could have reached 66°34'N the first day out. Asher's identification of "Lousie Bay" as Breidafjordur is inconsistent, more or less, with three points: (1) the Dutch sea chart locations for "Luis Bay," (2) the Prickett statement that the hot bath was "on the Shoare," and (3) Hudson's account that the departure was from a harbor in "the westernmost part of Iceland". Hudson's encounter with a "Mayne of Ice" off Iceland's northwest peninsula at the end of May 1610 (O.S.) provides us with a heretofore little-noted contemporary and corroborative account of the incidence of the East Greenland and Polar Sea Ice along the coast of Iceland during a period of declining temperatures in northerly latitudes that reflected the climatic cooling of the late 16th and entire 17th centuries. We thus have another indication of and Iceland, Geographical Handbook series. explanation for the severity of ice and temperature conditions Hudson encountered in the remainder of his last voyage.
A reassessment of cartographic information on Iceland from the 17th centuries through the present and a reconciliation of map data with the written accounts of Prickett and Hudson suggest an alternate point of departure from Iceland on June 1, A.D. 1610 (O.S.), different from that indicated by Asher in 1860. The "Lousie Bay" locality may actually be Talknafjordur rather than Breidafjordur. Moreover, many of Asher's47 coordinates for localities in Iceland (e.g., Dyrafjordur) are in error.
Finally, a critical, comparative reading of the fragments of the documents remaining from Hudson's fourth voyage, in conjunction with map analysis, permits a reconstruction of the chronology (Table 1) 
